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ABSTRACT

This search was carried out in the plant tissue culture laboratory- College of Agriculture - University of
Kerbala from 2021 to 2022. The study included the use of in vitro technology in the use of plant parts and
different combinations in the emergence and multiplication of farms vegetative branches of rosemary, the
study was carried out in two stages after performing the sterilization process: the first included the emergence
of vegetative farms by planting the growing tops and side nodes on the MS nutrient medium with different
concentrations (0, 1, 2, 3 mg.L™) BA, and the second stage was carried out by cultivating the growths re-
sulting from the nodes grown in the previous stage on the (MS) media, that was prepared with various con-
centrations (0, 1, 2, 3 mg.LY) BA and ( 0, 0.1, 0.2, 0.4mg.LY) NAA, The results of the study showed the
superiority of the apical, as it achieved a response rate of 57.5% compared to the lateral shoots, which recorded
a response rate of 37.5%, and the con. of 1 mg.I" BA was superior and achieved a response rate of 80%
comparison with the neutral treat that achieve a response rate It reached 15%, and the results showed that the
same concentration of benzyl adenine at a concentration of 2 mg.I" achieved of higher average in the number
and length of branches (4.74 branches.plantlet?, 4.12 cm), while the concentration achieved 3 mg .I"* of it had
the higher rate of leaves number and the Fresh and Dry weight of the branches (15.24 leaves.plantlet™, 2986
mg and 1823 mg), respectively, comparison with the neutral treat that achieved the lower average, and the
concentration 0.2 mg.L™* NAA exceeded in achieving The highest average number of branches, leaves, fresh
&dry weight of branches was (4.16 branches.plantlet® and 14.21 leaves.plantlet?, 2606 mg and 1594 mg)
respectively, while the concentration exceeded 0.4 mg.L-1 NAA in achieving the highest rate The length of
the branches reached 3.74 cm. All experiments were carried out using CRD (utterly randomized design).
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INTRODUCTION

The Rosemary plant (Salvia rosmarinus), whose scientific name is Rosmarinus officinalis, is medically
necessary. It is an aromatic perennial plant relearned to the Lamiaceae family. The original home of this plant
is southern Europe and the Mediterranean, from which it spread to all parts of the world where it grows wild.
Its cultivation spread in most countries, and France, Spain and Tunisia are among the most critical countries
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producing the oil extracted from this plantl. The plant propagates either in the field by seeds. However, it is
limited in use during the growing season. It is undesirable, as it is slow because rosemary seeds have low
germination levels of about 40%, and vegetatively using Cuttings, the most widely used method for its
propagation. However, the ability to root is weak, so researchers tended to multiply it and increase the pro-
duction of effective compounds by tissue culture?. The plant has medicinal and non-medical uses as a food
additive, flavoring and spice. It is also used to manufacture aromatherapy, aromatic soap and cosmetics®.
Rosemary is one of the plants known for its high nutritional and medicinal value. It has been used since ancient
times to enhance memory*. The leaves and oil of the plant are often used as spices and flavorings in the food
industry because they contain volatile compounds responsible for giving a desirable flavor and as antimicro-
bials and antioxidants, as plant oil is used. Usually, in the cosmetics and pharmaceutical industries, an aro-
matic component is included in the manufacture of soap, creams, and moisturizers, and in the perfume in-
dustry®. The essential oils are found in the leaves and flower tops and are formed from the compounds borneol,
camphene, campher and cenol, mainly oleoresin, which is widely used in the preparation of folk medicines
and modern pharmaceutical industries, as well as in the manufacture of perfumes, flavors and aromatherapy?,
the leaves also contain flavonoids, tannins, rosemarinic acid, diterpenes and rosemarcine®. The increasing use
and the significant trend in recent years to the utilization of medicinal plants become threatening and a sig-
nificant risk to plants and natural resources due to their removal and sabotage of the environment. Plants and
this technology have significant benefits regarding type, quantity and controlled production without restricting
natural factors, such as geographical location, seasonal changes, or environmental stresses. To shorten time
and effort, researchers have recently devoted their efforts to using unique methods and technologies that
shorten time in breeding and improvement programs and increase the production of secondary compounds by
adding some catalysts, whether physical or chemical®. Plant growth regulators are organic chemical com-
pounds manufactured naturally or artificially (non-nutrients). They are either stimulants or growth inhibitors
that are added in the stages of plant growth and cause a change in its growth and development’, Williams®
Mention the mechanism of action of plant growth regulators when they are added to plant tissues, added at
deficient concentrations and then absorbed from plant tissues by this move to sites to bind to receptors, then a
secondary transmission system is activated to stimulate cell activity.PGRsupplemented in the media plays a
significant efficacy in determining the desired goal of tissue culture, especially in vitro formation processes®.
From the above and the importance of the plant from the medical point of view and the efficacy of PGR in the
growth and development of the planted plant part, the study aimed to employ the technology of plant tissue
culture in the propagation of rosemary plants and study the effect of plant growth regulators added to the
nutritional medium with different combinations on the growth and development of the planted part and ob-
taining greater Sterile, pathogen-free tissue culture.

Location

The experiment was executed in the plant tissue culture laboratory - Horticulture Department - Agriculture
College- University of Karbala from 2021-2022.

2.2.The stage of sterilization of explants and the initiation of plants:-

The explants (shoot tip and buds)For two-year-old plants were laundered with running water several times for
an hour, after thatin  Alcohol 70% for 2 minutes, then with distilled water, then the plant parts were immersed

Clinical Biotec, Universidad Catolica del Oriente (UCQO) and Universidad Nacional Auténoma de Honduras (UNAH)



http://clinicalbiotec.com/
https://www.uco.edu.co/Paginas/home.aspx
https://www.unah.edu.hn/

Bionatura http://dx.doi.org/10.21931/RB/2023.08.04.45 3

in 2% NaOCI solution for 15 minutes to be superficially disinfected in sterile conditions. This was followed by
washing them with sterile distilled water thrice. To remove the effects of the sterile material ,It was prepared,
washed in the laboratory and sterilized inside the autoclave. The sterile growing tops and lateral buds were
planted on solid {MS (10)} nutrient medium, which was prepared with different concentrations of BA (0, 2, 1,
3 mg.L?) with 10 replications for each plant part. The cultures were placed in the growth room at controlled
growth conditions. The response percentage (percentage of open buds) was taken after 30 days of planting and
is calculated according to the following equation: -

Response ratio = (number of buds growing)/(planted to total number of buds)*100%.

Stage of preparation and sterilization of the medium

MS-prepared medium (Murashige, Skoog) containing macro and micronutrients and fortified with vitamins
and glycine at a weight of 4.43 gr. L™t was used throughout the experiment. Sucrose was added—30 gr. L,
plant growth regulators were added after preparing the base solutions according to the type of experiment, then
the pH (Potenz Hydrogen) was adjusted to 5.7 = 1 using one standard HCL Hydrochloric acid or NaOH. The
volume was completed to liter, and agar of the type (Agar-Agar) 7 g per liter was added to the medium for
homogenization and dissolution of the agar. Heat the medium using a vibrating heating device until homo-
geneity and then distribute it in the cultivation tubes (values) up to 10 ml and cover it with the appropriate
caps. After preparing the food media and distributing it in the cultivation containers designated for it, it was
sterilized with an autoclave at a temperature of 121°C for 15 minutes and kept inside the stratified airflow
table until use.

Multiplication stage

Based on the previous stage's results, the growing tops were selected as being the most responsive plant part.
The plants were cut at a rate of 2 cm and grown on MS medium prepared with BA (0, 1, 2, 3 mg.L™?) over-
lapping with NAA (0, 0.1, 0.2, 0.4mg.L™}) at 10 replicates for each concentration. The cultures were kept under
the same conditions mentioned above. The study indicators were taken after four weeks, which included the
number and length of branches, leaves number, and the Soft and Dry weight of the branches.

Statistical analysis

All experiments were carried out using CRD (utterly randomized design) with factorial experiments with 1
replications for each treatment. The results were analyzed using the statistical program Genstat, and the av-
erages were compared according to the least significant difference test LSD at the probability level of 0.05 1.

This class probably swears by subtitles. It should equip a concise and precise description of the results of
experiments, their overlap, and the conclusions of experiments that can be carried out.

Effect of explants type and BA concentrations on the Initiation stage

The explants play a vital role in the in vitro cultivation of any plant species due to the determination of the
possibility of succession and the rate of branch doubling, and then the physiological condition and sensitivity
of plant species to various pollution causes. The results of Table 1. showed the response of the growing tops
grown on MS medium in achieving the highest response rate of 57.50% compared to the lateral buds that
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recorded a response rate of 37.50%. The con. of 1 mg.I-1 was a significant average of the con., as it gave the
highest response average of 80%. In contrast, high levels of BA caused a decrease in the growth rate, which
happened at concentrations 2 and 3 mg.I™t, which recorded a response average of 65 and 30% on the relay,
while the neutral treat achieved a lower average of 15%. The results confirm that all bilateral interactions
significantly affected the response rate. in the case of interaction between the cultivated plant part and BA
concentrations, the highest response rate recorded by the growing top at the concentration 2 mg.L'BA was
90%, as shown in Figure 1, and the lowest response rate recorded by lateral buds in the comparison treatment,
which reached 10%.

Figure 1: Response of Shoots tip to concentrations BAto initiation after four weeks of cultivation on MS media.

Explants type  BA Con(mg.l") mean
0.0 0.1 0.2 0.3

Shoots tip 20 90 80 40 57.5

Buds 10 70 50 20 375

LSD (0.05) 16.19 8.10

mean 15 80 65 30

LSD (0.05) 11.45

Table 1. Effect of plant part type and BA concentrations and their interaction on the response of vegetative parts (%) to
initiation after one month of cultivation on (MS) media.

Influence of BA and NAA concentrations and their overlap on the average number of shoots(branches.
Plantlet?).

One of the traits studied is the effect of different BA and NAA concentrations and their interaction on the
vegetative multiplication process, which was observed in Table 2. The superiority of BA significantly at the
con. of 2 mg.I"t by giving it the highest average of branches number reached 4.74 branches. Plantlet®, which
did not differ significantly from the con. to 3 mg.I, achieved an average of 4.25 branches. plantlet, the
lowest rate was in the comparison treatment, which amounted to 1.99 branches. plantlet®. The same table also
indicated that NAA was excellent at con. 0.2 mg.I™%, the highest rate was recorded at 4.16 branches. Plantlet?,
which did not differ significantly from the concentration 0.1 mg.It, gave an average of 4.00 branches.
Plantlet, compared to the control treatment, which gave the lowest rate of 3.41 branches. Plant™. As for the
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interaction effect between the concentrations of BA and NAA, their values differed significantly from each
other, as the con. of 2 mg.I* of BA and the overlap with concentrations 0.1 and 0.2 mg.L™* of NAA gave the
highest average number of branches that reached 5.33 branches. Plantlet™, as we can see in the figure(2-b),
while the medium without growth regulators achieved the lowest response to the number of branches, which
reached 1.33 branches. part™as we can see in the Figure 2-a. Recorded the highest rate

(@) (b)
Figure 2: Vegetative branches of rosemary plant after four weeks of cultivation on MS media.: (a) control treatment

(Free media without growth regulators), (b) Influence of BA and NAA concentrations and the overlap between them on
vegetative branches of rosemary.

BA Con{mg.L'} NAA Con(mg.I?) mean
0.0 0.1 0.2 0.4

0 1.33 1.67 2.33 2.64 1.99

1 4.00 4.33 4.33 3.67 4.08

2 4.33 5.33 5.33 4.00 4,74

3 4.00 4.67 4.67 3.67 4.25

{L.S.D}.05) 1.12 0.56

mean 341 4.00 4.16 3.49

L.S.D(.05) 0.56

Table 2: Influence of BA & NAA concentrations and the overlap between Them on a rate number of vegetative
branches after one month of planting on (MS) media.
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Influence of BA & NAA concentrations & the overlap between Them on length vegetative
branches(cm)

The results of Table 3. show that there was excellence in the average length of rosemary branches when
increasing BA concentrations from 1 to 2 mg.I" was added to the nutrient medium, which gave a rate of
3.57 and 4.12 cm on the relay. The response decreased with an increase in BA concentration to 3 mg.L™,
which gave the lowest rate of 2.45 cm, while the control treatment gave an average of 3.01 cm.
Regarding the effect of NAA concentrations, the con. 0.4 mg. L™ was excellent in an average branch
length (3.74 cm), while the comparison treatment achieved the lowest rate of 2.42 cm. As for the
interaction effect between the concentrations of BA and NAA, it is noted that the higher rate was achieved
in the (MS) media, which contains a concentration of 2 mg.L™* of BA with 0.1 mg.L™* of NAA, which was
4.63 cm, which was significantly superior to that of NAA. The rest of the treatments, as for the lowest
average length of branches, occurred at the empty nutrient medium, which amounted to 1.09 cm.

BA Con{mg.L'} NAA Con(mg.I"%) mean
0.0 0.1 0.2 0.4

0 1.09 2.61 4.04 4.29 3.01

1 3.08 3.78 3.91 3.51 3.57

2 3.59 4.63 3.99 4.26 4.12

3 1.93 2.77 2.20 2.91 2.45

{L.S.D}00s) 0.30 0.15
mean 2.42 3.45 3.54 3.74

L.S.D(.05) 0.15

Table 3: influence of BA & NAA and the overlap between Them on the length rate of vegetative branches (cm) of
rosemary after four weeks of cultivation on MS media.

Influence of BA and NAA concentrations the overlap between Them on the leaves number rate
(leaves. Plantlet)

The results of Table 4. show that the concentration exceeds 3 mg. Lt significantly recorded the highest
average number of leaves, which was 15.24 leaves. Plantlet™* did not differ significantly from the con. of 2
mg.L?, as it achieved an average of 15.03 leaves.plantlet™, while the lowest average number of leaves
was in the neutral treatment, which was 9.84 leaves.plantlet®. Results also showed that the NAA
superiority at 0.2 mg L™ was significant in achieving the highest rate of 14.21 leaves.plantlet*, compared
with the control treatment that gave a rate number of leaves of 12.20 leaves.plantlet™. As for the overlap
effect between the concentrations of BA and NAA, it is noted that the results of BA were excellent at the
con. About 2mg. L and with the interaction of the NAA at a con.about 0.2 mg.L™ in giving, The highest
rate of 17.50 leaves.plantlet®, with comparison treatment which, gave an average of about 8.67
leaves.plantlet .
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BA Con{mg.L'} NAA Con(mg.I*%) mean
0.0 0.1 0.2 0.4

0 8.67 9.00 10.70 11.00 9.84

1 12.60 14.33 12.33 11.33 12.64

2 12.30 16.68 17.50 13.65 15.03

3 15.25 15.75 16.33 13.65 15.24

{L.S.D}(0.05 1.40 0.70

mean 12.20 13.94 14.21 12.40

L.S.D(0.05) 0.70

Table 4: influence of BA and NAA and the overlap between them on the rate of leaves number (leaves.plant?) of
rosemary plant after one month of cultivation on MS media.

Influence of BA and NAA concentrations and the overlap between them on the rate fresh weight of
shoots (mg)

Regarding the effect of the concentrations of BA and NAA added to the food medium on the characteristic
of the fresh weight of the whole vegetable, the statistical analysis data is recorded in Table 5 and indicated
that the concentration exceeded 3 mg. L™ BA significantly recorded the highest fresh weight average of
2986 mg, which did not differ significantly from the con. of 2 mg. L%, as it gave an average of 2870 mg,
whereas the lowest average of fresh weight in the control treatment was 1324 mg. The results also showed
the superiority of NAA at a concentration of 0.1 mg.L* significantly achieved the highest rate of 2606 mg,
which did not differ significantly from the 0.2 mg con. L%, which achieved a rate of 2553 mg, compared
with the control treatment, which achieved the lowest rate of 2037 mg. As for the interaction effect
between the concentrations of BA and NAA, it is noted from the results of the table that BA was exceeded
at the con. of 2 mg. L't and with the interaction with NAA at the con. of 0.2 mg. L™ achieved the highest
rate of 3621 mg, while the comparison treatment achieved less average, amounting to 946 mg.

BA Con{mg.L'} NAA Con(mg.I%) mean
0.0 0.1 0.2 0.4
0 946 1220 1395 1735 1324
1 2082 2884 2044 1952 2241
2 2035 3220 3621 2605 2870
3 3035 3100 3155 2605 2986
{L.S.D}q©.05) 294.1 147
mean 2037 2606 2553 2224
L.S.D(0.05) 147

Table 5: Influence BA & NAA and the overlap between Them on the rate fresh weight of the shoot (mg) of rosemary
after four weeks of cultivation on MS media.
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Influence BA & NAA concentrations and their overlap on the dry weight rate of shoots (mg)

The statistical analysis data in Table 6. indicated significant differences in the average Dry Weight
characteristic of the vegetative group according to the different concentrations of BA and NAA added to
the media, as the con. It exceeded 3 mg. L™ BA significantly recorded the highest rate of dry weight, about
1823 mg, which did not differ significantly from the con. of 2 mg. L%, as it achieved an average of 1698
mg, while the lowest dry weight rate when the control treatment was 641 mg. Results also showed the
superiority of NAA at a con. of 0.2 mg in the same table. L™ significantly achieved the highest average of
1594 mg, which did not differ significantly from the 0.1 mg.L? achieved an average of 1514 mg,
compared to the control treatment, which gave the lowest average of 1112 mg. As for the interaction
effect between the concentrations of BA and NAA, it is noted from the table results that BA exceeded the
con. 2 mg. L and with the interaction with NAA at the concentration 0.2 mg. L achieved the highest
average of 2540 mg, whereas the comparison treatment achieved an average amounting to 330 mg.

BA Con{mg.L'} NAA Con(mg.I"%) mean
0.0 0.1 0.2 0.4
0 330 654 750 833 641
1 1061 1240 1018 987 1076
2 1015 2110 2540 1128 1698
3 2040 2055 2070 1128 1823
{L.S.D}00s) 274.2 137.1
mean 1112 1514 1594 1019
L.S.D(.05) 137.1

Table 6: influence of BA & NAA and the overlap between Them on the Dry Weight rate of the shoot (mg) of rosemary after
four weeks of cultivation on MS media.

From the preceding, as we can see in Table 1. as a result of the lack of response of the lateral buds to the
evolution experiments compared to the developing peaks, the developing peaks were adopted in the
evolution experiments and other stages. The reason for the superiority of the ends of the branches may be
due to the presence of auxin in the shoot tip more than it is in the single nodes because the shoot tip is the
main center for its manufacture in the plant and thus its effect on cell division and elongation is more
significant in the ends of the branches *? Or, the reason may be attributed to the fact that the developing
tops have a number of axillary buds, which have a greater chance of surviving and growing rapidly®.
Alternatively, the reason is probably on account of physiological factors concerning the hormonal and
nutritional content of tissues, which is a determinant of response, whereby nutrients and hormonal
substances accumulate in the tissues of the growing apex compared to other parts, or the reason for the
superiority of the developing apex may be attributed to the rapid division of its cells because they are
unspecialized and undifferentiated cells and in the developmental stages Preliminary'®. These results
agree with the findings of several researchers *>!51” who recorded when using the tops of the branches in
extracorporeal propagation. The neighborhood was a huge success. The catalytic action of BA
concentrations is attributed to the catalytic action of cytokinein in urging the cultured branch cells to
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divide and differentiate, and the differentiation of shoots results in vegetative branches. In addition, many
researchers pointed to the role of cytokinein at appropriate concentrations in tissue culture 8. This is
consistent with the findings *° that cytokines have an essential role in the development of cultures and
does not agree with the findings 2°. Also, the decrease in growth rates at high concentrations of benzyl
adenine may be due to a disturbance in the vital processes within the plant tissues, which led to an
imbalance in the hormonal balance and then a decrease in the growth rates of plant parts?..

It was clear from the above-presented results of Tables. 2-6 Generally, the growth regulator BA was
superior in the studied traits, which included the number and length of vegetative branches, the number of
leaves, and the fresh and dry weight of the vegetative group compared to the comparison treatment. The
reason may be attributed to the role played by the balance between the growth regulators used
Cytokinines ) BA (and Auxins (NAA) in determining the pattern of cellular differentiation and formation
of organs outside the body, as the presence of high concentrations of Cytokinines and low Auxins in the
food medium leads to the formation of vegetative buds that grow into vegetative branches. Studies
indicate that auxin leads to the stimulation of genes that produce cytokines. By controlling their gene
expression, gene expression products play an essential role in biological processes such as cell division,
chloroplast development, and nutrient metabolism?2. These effects (the studied traits) may be due to the
catalytic action of cytokines in urging cells to divide and differentiate, resulting in the growth of buds into
vegetative branches. Quickly and highly efficient in breaking the apical dominance as it works to reveal
and widen the vessels carrying both wood and phloem, prevent the decomposition of chlorophyll,
stimulate cell division and increase the production of nucleic acids. The reason may be due to the action of
BA on the hormonal balance of the plant tissue in the meristematic areas rich in auxin to cause the
required response, which causes a break in the apical dominance and the transfer of nutrients by pushing
the plant part to stimulate the growth of vegetative branches in the armpits of the leaves 23?42 as for the
higher levels of them, which cause a decrease in growth rates on account of the disturbance on the vital
processes in the tissues as cause of Hormonal Imbalance in them, leading to a decrease in The growth
rates of the plant parts. This decrease does not necessarily mean the death of cells, but it is usually the
result of an impediment to growth?. This is consistent with what was found 2 when growing vegetative
branches of Digitalis lanata by growing the tips of the branches of sterilized seedlings on MS medium
prepared with different concentrations of growth regulators BA and TDZ.Results also correspond with the
Findings?’ when treating the Digitalis lanata plant with gamma rays and adenine. The rate of the studied
vegetative growth characteristics is also noted from the data of the same tables that BA exceeds the
concentration of 2 mg. L in the number and length of multiple branches and the number of leaves. The
reason may be attributed to the stimulatory action of cytokinein in urging cells to divide and differentiate,
which results in the growth of buds into vegetative branches. Apical dominance and the creation of areas
of attraction in the lateral buds stimulate the rapid transfer of nutrients to them, which results in
stimulating the growth of buds and, thus, the number of branches. Several theories have been developed to
explain this phenomenon, including that the added cytokinein moves from the bottom up through the
axillary buds and thus cancels the effect of auxien formed In terminal and inferiorly motile buds, which
may accumulate in high concentrations in axillary buds and hinder their growth by inhibiting
differentiation in the lateral vascular tissues in these buds. Thus, the role of the cytokinein moving upward
will be to affect the process of differentiation of the woody tissues and vascular bundles of the axillary
buds to link with their counterparts in the stem and then facilitate the transfer of water and nutrients to
these buds and thus stimulate them to grow, develop and form lateral branches?, as for the higher levels of
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them, which cause a decrease in growth rates on account of the disturbance on the vital processes in the
tissues as a cause of Hormonal Imbalance in them, leading to a decrease in The growth rates of the plant
parts. This decrease does not necessarily mean the death of cells, but it is usually the result of an
impediment to growth 2,

It is also noted from the data of the previous tables that BA is superior to the concentration of 2 mg. Liter?
in the average fresh and dry weight may be attributed to the fact that this treatment had outperformed the
average number and length of branches, which led to an increase in the live mass, which was reflected in
the fresh and dry weight of this mass. These results are in agreement with the findings of 2%,

The highest average fresh and dry weight of the multiplied branches was (106.2 and 5.82) mg,
respectively, obtained when the tips of Digitalis purpurea branches were grown on MS medium prepared
with 2 mg. L' BA with 0.2 mg. L IAA. The results also agreed with what was reached 3! when
conducting the vegetative multiplication experiment of the hawthorn plant, when the concentration was 2
mg.L of BA had the highest rate of fresh and dry weight (345.0 and 102.5) mg, respectively. It also
agreed with what was reached 32 in the characteristics of the fresh and dry weight of the vegetative
growths of Catharanthus roseus planted on MS medium and prepared with 2 mg.L™* of BA with 0.2 mg.L™!
of NAA gave the highest average the fresh & dry weight (793.0 & 432.3) mg, respectively.

The selection of a type part of the plant and the addition of plant Growth Regulators in different combinations
and concentrations to the MS food medium had a practical and distinct role compared to the comparison
treatment in the average of the studied vegetative growth characteristics, which included the number and
length of branches, number of leaves, fresh and dry weight of the vegetative total in the farms of vegetative
branches of rosemary plants—transplanted in vitro.
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